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This book is designed as a' report/ and an in-service 
tool fqr teachers of grade's K-6. It is built arcjind *fehe idea that. the 
vS-^andard textbook treatment of metric measurement gives rise to many- 
irisconceptions among primary grade children. This report is a record 
of the development of alternative Methods for introducing measfuring 
activities tc first-grade; childrer . Sections of the bo6k are 
organized by clusters of related problem-solving activities and 
stra^gies. The maior sec+lons are ^titled: size tiscrimination: 
Ncn-'^ltandard Onits of Heasur&nneni^^''and Measurin<i with Standard Unit-s. 
The .obiec*^ves aret^p'd) 'to Ke able to use a unit of; measure with 
'reasonable accuracy: (2) t* r;8cord results 'of_ observations in. several 
forms: (3rto estimate witlt increasi^ng accujracyj" (1) to give reasons 
+0 supoort estimates: to choose Jan appropriate instram,ent for the 

measurl-^ig task:. and (6) Vo transferal earnings to this, system of 
imperial roeasures. (MP) ' , ' 
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Dear Colleague: 

The Project on Elementary School Mathematics and Science 
at'ttie Booker T. Washington Schbol in Champaigm Illinois, is a 
cooperative venture of the University >of Illinois^nd Champaign 
Community Unit School District No. 4. The f^ll energies of 
the Project are presently being devoted^to the devel<)pment of 
curriculum ijnaterials for use in open classroom settings. 

University staff members and Champaign teachers are work- 
ing together*' on these development effoi^ts. Opportunities are 
available daily for working both with individual children and with 
large and small groups in developing materials. This interaction 
of staff, children, anci materials has constituted the; heart of the 
development process. ' 

^ ' - ." 

Some units were initiated in'th.e ^l'970-71 school yeir. Approxi- 
mately a dozen units were begun dufing^ thfe 1971 Summer Planning 
and Writing Conference. Stil^l other units we^e started during the 
1971-72 school year. Currenlily, these unitfeate being put into the 
'iorm of prelirninary editions. This booklet^ Jtind those that are 
forthcoming, represents an early stage o-f curriculum development. 
Consequently,^ teachers u6ing these materials for the first time . 
/fihould consider their initial attempts explooratory. 
. ■ ■ ^ .. 

It might also be noted that many of these booklets have been 
:written to emphasize the use of resources in the Champaign-Urbana 
^ area. While it is hoped that the ideas contained can be generalized 
and adapted to fit your local environment, We would appreciate 
hearing of any difficulties you encountered in attemipting to use 
this unit in your own community. # 
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Because of the experimental nature of our materials, we are 
earnestly soliciting feedback so that future revisions may benefit 
from actual classroom use. " To facilitate this feedback^ a brief 
Teacher Reaction Form^^as been included for your use. We would 
appreciate the returh of this form as soon as possible. 

We hope that you will freely explore this unit with your chil- 
dren and let Us krrow how you think our materials might be^improved. 
Our project staff looks forward ta hearing--and learning- -from you. 

' \, . Sincerely, t 
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Peter B. Shoresfnan 
Professor of Science. Education 
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< ; ' \ ^ ' INTRODUCTIION^ . *r 

. ■ - ' ' '^^ . 

Rationale and Objectives | . ^ ^ ^ 

v» . Measurement is ^n 'application of mathematics that is^ 
used dal^^y^by most ^^ults.- Yet t^ie treatment of measurement 
in elementary school texts is often sterile and divorced from - 
»the real world Children are rarel]^ given tfie opportunity to 
use nori-^standard units to measure anything mo^ exciting than 
a picture in a textbook All too often, they are introduced ' 
to standard rulers as early as possible in /their schpol careers 
and asked to measure numerous >line segments on. a wokKsheeti 

/ ■ ■ • ' ■ - 

Because the authors feel th^t the standard textbook pre- 
sen tation gives rise^o many misconceptions concerning the ^ 
•nature of li^at. mea^uretnent,, an alternate method has been 
devised' foi| inti^duc^ng initial measurement activities to 
priinaty^grad^ children. Thds booklet is a record of the de^ 



velopment of thite, method wLth a group of first graders. 

> \ ■ • . 

Children have been "measuring" long before they enter 

fitst grade; but most of their measuring has been, either direct , 

comparisons between objects , ilistances , and weights, or indirect 

vscomparisbns through the use of their own bodies or strength 

■ *♦ , ■ ^ 

(e*g., stating the width of a desk in terms of hand spans or 

comparing the effort necessary to lift different objects) . • All 

that is lacking when they are measuring in this way is a unit 



0- ■ 



U 



* 2 



of ijeasure by' which fine oomparisons can be made--a unit of 

measure whi^- serves *ag a reference, ^a standard in terms of 

Which all subsequent measurements are performed. 

Listed below are! tl)e basic ideas which we felt were im- 

portant for children to develop, during their work with linear 

. ' 

•.measurement. These ideas do not' depend in any way on the 
measurement system used. ^ 

1. In ordeiL to measute^ there must be some unit of 
measure. 

1 II |l ■ y 

2. Units Qt measure are arbitrary . 

3. A selected xxnit of measure may become standard - 
ized for the convenience of public use^ (Tlipe 
most widely .used unit of measure for small 
distances is, the centimetre, f-)^ 

■ ■■ . / 

4. After a uriit of'mea"aure has been selected for a 
given task, it should be used consistently through- 



out the task.. -(This may necessitate involvement 
with multiples and fractions of the unit.) 



5. 
6. 



The measurement .a||<Juld be labeled to indicate 
what unit has be^ used. 



7. 



All actual measurements kre approximate . ' The 
degree of 'accuracy depends on the , refinement of 
the measurement tool and th.e skill with which the 
tool is used. ' ' - 

The goal of measuring is to l)e as accurate as 
possible — to find an "answer" that is close enough 
for practical purpl>ses. ^ . 



ERIC 



"^The 'authors have used the Ifiternational Steuidard spelling of 
the various metric units (6.g., "centimetre," "metre")" for the 
following' reasons : First, thii^ is the spelliijg in international 
use. Second, it is also the spelling which the Center for Metric 
Education (Western Mlchig,an University, Kalamazoo, Michigan) V9ill 
recomnvend to the Congress for official adoption in the United 
States. And, third> it was noted that the children seemed to 
have i&ss difficulty in spelling "-metre "--^perhaps bjscause of its 
similarity to "metri'b" — than "^meter." For these reasons, the 
iauthors suggest that teachers use the "-metre" spelling when 
impl^enting the activities in this booklet!* V | 
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'I % • 

8, Many measurements of the same thing tend to produce 
a clustering, of measures and a range of reasonable 
results. 

.The autAQi^s decided to use the meti^c system in this 
dftv^Iopin^t work for several reasons: (i) There is a growing 
interest in the metric system in the United States and a dis-. 
tinct possibility , at the time of this .writing, that 'this 
country may "go metric" in the foreseeable future? (2) metric 
measures based on mult:^^les^ of ten co^rrelate measurement work 
with computational ^ork in the decimal system an^ are more 
easily handled by first graders than the mixed-basfe system of 
imperial (English) measures (see Appendix A) ; (3) many of %he 
ne^w elesmentai^y school science prog'rams expect children to use 
metric measurement; and (4) all children are able to start ^ 

I 

work on standard measures on an equal footing ^cdnce . any advan- 
tage due to familiarity with imperial units is eliminated*. 

>' ' ' . ' 

Also, ^before commencing their work, the authors estab- 

J ' * 

listied as objectives the following six measurement skills: 

1. The ai^ility to use ^ unit of measure with reason- 
able accuracy. ' 

2. The ability to recoijd results of investigations 
in several forms: ' ' 

a. Number of units used, labeled with name 
of unit, 
rb. Charts and tables, 
c. Graphs'* 

3. The ability to estimate with increasing accuracy. 
4* The ability to ^ive reasons to support estimates. 



5. The ability to choose an appropriate instrument 
for th^ measuring task at hand. 

6. The ability to transfer learnings to the system 

of iriip'erial measures . J 



By participating in activities designed to aid. them in. 
acquiring the skills mentioned above, and through group dis- 
^. cuss ions following each activity, it was ho^d that the chi:^- 

dren would develop a basic understanding of mensurati6n. 

- . ^ I ~t> . ' . 

r • •• . 

Organization of Activities' ' • 

The activities in this booklet are organized with the 
following genial sequence -in mind: 
1/ Size discrimination 
^ ^ 2, Non,-s'tandard ur^ii:9 of ra^asur^pnrfent 

3. Standard units of measurement 
The children were first presented with situations where 
they had to differentiate between objects of different si?es. " 

VP * 

This proced,urQ was intended to provide them with experiences 
in verbalizing size- dif f e^nces ("larget than" /"smaller than"). 
It was also designed to asjs'ess their ability to discriminate 
objecrts by size. ,A typical activity was to give each chiid a 
number ^f washers of different sizes to place in order. 

The next series of activities provided the children with 
experiences with non-standard units of measurement. They first 
measured a variety^ of things in their classroom (desks, chairs, 
chalkboards/ length and width of room, etc.) using body units 
(their hands, theii^ feet, etc.). The use of these non-standard 
units gave them experience in measuring, recording, af^ex- : 
pressing the size Of things. It soon became apparent to the 
children that it was not possible to |(\ake exact comparisons of 
their measurements of the same objeots since their measuring 





instruments (e.g. their feet) were all different sizes ^ 

his ^ however, ' provided the basis for comparison of di^fer- 
^t sort. ' For example, tja^ chiidrdn became ''awaj^e of .the fact 
that if they all. measured the width of the hall, they could • 
predict who would t^e the fewest steps (pers<^ with biggest 
feet) .and who v/ould take the most (person with smallest, fe'et) 

After using non-standard units , the children moved to 
"standard non-standard" units. These were measuring stick^ * 
6f uniform lengths made* from cardbdard. Four different .* 

y • • . " • ■ ' ■ ' ■ ■ V . 

lengths were uised. There were no unit markings of any kind _ 
. on them. The sticks of different lengths caii be designated • 
as "A-sticks," "B-sticks," "C-sticks," and so on, or by 
^)ainting them dif f erent polors , With one clasjs the authors 

vused sticks of four ^ifferenl* lengths — 70,^ 50, 30,' and 10 

. . . • ■ 

centimetres^ They- were designated as A-, B-,,^C-, and D- 

I. sticks, respectively. The children we^e not told how long \ 

each of the sticks was. This, they Jdter discovered for 

themselves . ^ ' , • 

With a second group of students, the measuring sticks 
were painted yellow/ blute ^ and red and were 10^ 40^ arid 60 
centimetres In length," respectively. Again the children were 
not tald how lohg the: sticks were. I ^ 

Both methods of designating the sticks (by lettering 
them or by painting them different colors) worked equally 
well t:o" distinguish sticks of different lengths. It was later 
determined, however, that using sticks of 10, 20^ 40, and 80 
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centimetres was especially convenie;fit since many students 
became involved in expressing fractional parts. 

After working with various non-standard units of meas- 

urement, the children were gradually introduced to standard 

.. ■ ■ - * " • ' * * ' 

metric units. The JEirst unit with which they worked was the 

metre. An uhmarked metre sticK Vas given to each child. 

This stick contained no centimetre or millimetre markings. 

V 

The children were' told that tl>e stick was called a "metre, 
tick" and that a "metre" was a, unit widely used for measuring 
jects and "di Stan cies.. They were then provided" with a wide 
variety of. experiences iik^easuring . . As experience- was" gained, 
moire stress was given to hccur^cy of measurement. The chil- 
dren quickly, realized that, although they all measured the 
samd" things, different people often got different answers.. 
The /Reasons for these differences and the ways "in^which the 
children became aware of their inaccuracy in measuiring are 
discussed in the section entitled "Using Calibiijatfifd Miatre Sticks 

After gaining experience .with the unmarked mBtre stick, 
the ^chi-idreh were jgiye^ a metre stick calibrated in'^centi- 
metres, Again, a vari-ety of activities was provided for the. 
purpose of measuring objects- and distances. ' . ' ^ 

,Ta encourage them to think in terms of the various units of 
measurepient used (non-standard and standard)*, the children were 

^ ■ * * 

asked to estimate the Ifength of a given dimension before they 
actually measured it. Thus, the feeling for th« size of a metre 
and/or a centimetre was gradually developed. At fijcst, the 



estimates made the 'children were- generally not too accurate. 
It betJl^e apEiarent, thowever, that as thjey gained experience 
the accuracy of their estimates imprjdved considerably. 



SIZE DISCRIMINATION 



I 



This initial series Of activities was designed to give - 
the children experience in three skill areas: (1) Differen- 
tiating between the size^s of .pictured objects, (2) verbalizing 
the observed differences, and (3) ordering objects by size. 

Who iTikes Ice Cream Cones? ' \ 

A series of five cards with drawings of ice creain cones 
of different sizes (see Figure 1) was used in this ^et of, 
activities. In the actual development Work, each 6one had 
ice creanj^of a different colbr. The cards we^-e shown tp the 








♦ Fig. 1 — Size Discrimination Using , 

. ' ^ prawingsy of ^ce Cream Cones 

; ■ ' ' •'■ , " ■ ' ■ 1 * ■ ■ ' 

children two cards at a timex" First, the largest ice cream 
cone and the smallest ic^/cream cone were jpaired and displayed. 
The ^children wer^ asked to choose the' cone ^hat they would 
select if the cones were real. (The assuiftption was that they 
would choose the card showing the largest ice cream cone.) 



\ • . ■ 
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The first child who responded expressed a desire -for jthe* 
smaller cone. When asked why, he repl-ied:'. '^Because I UKe 
•raspberry better than lemon." (Apparently our affluent society 
has produced some children who are swayed more, by taste pirefer- 
ehce than by^ quantity i ) When ce other children were asked the* 

^ same question, they all chose the larger (lemon) co'h'e, giving , 
the reason that i^ was the larger of the two. Other comjDina- 
tidns of ice cream ^one pictures were then shown to the chil- 
dren. Some discriminated readily while otfiers had difficulty 
at first-. Since the children^were in the first grade, some 
problems were to be expected. (The chance that a child might , 
Choose cc^ds by flavor" ra^er than by size can be eliminated 
by making all of the ice cream^^he, same .color .) 

When th^ combinations of two^'were exhausted, the children 
-were asked to place the ice cream cone cards in order by size. ^ 

' Again, some could perform this task readily . while others en- 

. countered "some difficulty. 

' ' • • • ' i» 

Let's Play Ball - ^ ^ 

A series of five cards, each picturing a ball of a^differ- 

. " . ■* "■ . ■ 

ent .size, was presented to the/^children (see Figure .2) ... The. 








Fig. 2— Size Discrimination Using 
Drawings of Balls 



children were agked to place the cards in order by size of 
ballf Having had ejcperience with the ice cream cone cards,' 
most children easily accomplished tt^is' task. When the cajrds 
were in order, a number of questions similar to the following 
were asked: ."Whichs. ball is smaller than, two other balls and 



larger than two other balls?^' — 
The Birthday Pres«nts 

•» . * . " 

- A series of five card| showing preg^ents of different^ 

llu' ' ■ ' / . " ■ ' 

siies (s^e Figure 3) was us«d for those children who needed 

- . ■ *" ■ » 

additional practice. The children were expected first to ^ 
put them in order and then to describe each -present as being 
-either larger or smaller than each of .the>bther presents. 

< The same procedure w^s followed witl> washers of different 
sizes . * ■ , - 
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Pig. 3 — Size Discrimination Using 
Drawings 6t Presents 




I 'm Taller Than . . . > , ' " > • 

An interesting activity for the children was for them to 
stand in a row and arrange themselves in order by height. 
This afforded an oppqrtunity for gross comparison of size, a 



precursor of measurement 



2 



It was necessary, first of all, for the children to de- 
vis^ a method- for ascertaining who wa^ tall'est, n^xt Jballest^, 
and so on, so that a descending order by height could be es- 
tJ^ftbhed. This method can be as simple as merely standing 
back to back, two at a time; br the 'childreri can be encouraged 
to suggest a more elaborate means for /determining differences 
'in height. Once they are in order, they should be abl6 to 
describe their position in the line in a manner similar to the 



fqllowing: "I am tallfer than two others ai^ shorte^ than four 
others." The point is that the children should be able to see^ 
a hierarchy ^cind ,be .able to describe the uniqueness of each 
position in that hierarchy. » 

Sticks of different lengths were then placed randomly on 
th6 floor to be put in order.. Again, gross comparisons of 
length-were needed. The children quickly found, by placing 
side by side what they thought were the two longest sticks, 
that they could determine the lo»nger one and correctly posi- 
tion it in the sequence. In general, this procedure was fol- 
lowed until all sticks were in theip proper order. Thus, they 
demonstrated in a simple way a systematic method of measuring.- 

The children in,.j3ne class developed th^ir own comparison 
game using Cuisenaire rods which were available in the room. 
One child was chosen as the "leader." Each of the other chil- 
dren h^ a set the ten diffefent Cuisenaire rods. The 
f ollowirtg excerpts from the anecdotal record of the authors 
describe the game 



Rutki .. "! am thinking, of a rod that- is bigger -than 4 
fou^ [rods'] and smaller thari five [r'ods]." * 

(The., diildr.eh looked at the rods and .^pi eked up the 
^ aRpropriate one (the yeliow rod)rJ 

' ■ ■ ■ ■ I" ' ■ ' 

Dawn: "Which rod is smaller than tltree others and 

bigger than s lie? " • . ' 

* - ■ • ' , ,■ 

" . ■• ' ■ ... 

' / [Again .the children selected the ap^)ropria>te rod 
(th6 ;black. one) . J, _ . . > \ - 

Ann: "I am thinking of a rod tha^ is bigger than 

I eight and smaller than'jtwo. " '', 

' "• \ ' ' . ■■ ■' 

[The ohildfen looked at their rods, picked up the blue 
• one, put it down", picked up the brown rod; put it 
. ' down, and then started re-counting .] ^ , . 

Dawn: ."We can't do it: - Eight and two is' ten, and ;; 
. the numbers are only supposed to add MP to ' 
nine. It's one' of feilese two [holding up thfe 
blue and brpwn rods], but we can' t^ tell wh:|.ch." 

Thiff activity was valuable in that the children .gained . 

' ' ' ' ■ 

experience in describing t^e relative positions of each' rof . . 

Because children may havef memorized the color-length., sequence 

of the Cuisenaire rods, such rods would. not Tae appropriate 
■ *■ ' , ' 

for the stick ac-tivity described' oh the prec>feding page. . - 



' V NON-^TAl^DARD UNITS -OF MEASUREMENT 

' '• . ' . • . . • , '■■.<■ . , 

• I ■ ■ -^-^ ' ■ ' . t- . ^ 

Measuring with Your- Own Body . . 

1^1 order to ,demoni3.tifate to the chi:(-3i:en how their own • 
bodies could be'usied to, measure --a variety of things, a "Hands 
.Tall" chart was, constructed. fron\ tri-^jfr^^ll (three-layer card- 
board) • (sefe Figure 4) . Using, thj^chart, Nthe -children were 




: Hq^ W Many 
Hancl«» Tall 
A re You f 




/ 
/ 



Fig. 4--Hands Tall Chart 



' aJdle to measure their heights in "hand's" and express those 
heights. They were shown how the charlli could be made by 



■ ■ X-6 .... . ...... V , 

' placing > a hand on the cardl^ojyrd and drawing^ its outline 
enough times so that .the total height of the "°stack" of 
hands exceeded the height of t^ie tallest child '^in the group. 
(The chart depicti^d in Figure 4 was made by tracing an 
adult's hand wh-ich wag.. j£jQur inches wide. A child's hand 

■"could^be used as well^) v r"-— ^ 

- ■ ' . ' " ■ ' f ' 

While using the "Hands Tall" ohart, the children^ made 

' "Some interesting discoveries. After two. boys had measured 

» themselves, they compared their heights. -One boy was 11 

hands /-t^l!^jid the othpr was 12 hands tall. , They/ag^fee<|^ 

that Vthe taller boy was one hand taller than thd^ shorter jD.qy. 

Occasionally, a fractional'' pf,^rt Qf a hand was noted in 

measuring gbmeone's height. Foryexample/ if a child's height 

* was between 10- and 11 hands ,' it could be expressed as lO 1/2 

hands.; It was found Iriiat many f;Lrst grade children do this 

spontaneoufe ly — some with and some without an Understanding of 

* ■■■■■> 

' a fractional part of a^whole. Another way to handle this is 

/to express a quantity betyreen 10 and 11 hands as "ID hands and 

a little more," which the chil4?^en tsuggested could be written 

*as, "10+". Given the oppoi^tunity , children will create a number 

of ■ such notations fox expressing lengtrrs that happen to be "a 
Vs ■ • . ■ / - ■ ■ ,„ ' 

little more than" or ""a little less than." 

• The chiliiren's own hands became their, first measuring 

■ » 

instruments. They ^ere encpuraged tp^easure a wide variety 
of objects in the room JchaiMB, de^s> bookcases, etc.) using 
the "width of their, hands as the unit of measurement. * In 



succeeding sessions other "body uni^" were used to measure 
distances ihd >objects in and ouijside of the classroom. Feet 
were used to measure the length and width of the room, while 
'fingers wete used to measure small objects such as pencils, 
pens , and books « 

\ When the children were asked to use their feet to measure 

something, such as the width of the room, the answers from 

v, ■ 

child , to child were not the same. Attention should be focused 



/ 





Msa'^uring the width of the hail 
. using a body unit 



/ - 
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on these differences early irt the activity. The various . 
results of a gl^ven measurement can be written on the chalk- 
board for the children to compare. The answers will almost 
certkinly be discrepant. The major cause is that their feet 
are of different sizes. Of course, some of the differences 
could also be due to errors in measurement. At any rate, the 

t 

children should be encouraged to consider the possible rea- 
sons for the observed variations. Some of the reasons given 
by the children were as follows: 

■ / 

"Their answers are different because Becky put her 
^ feet close and Kate didn't." [Error caused by 
measuring technique.] 

"There should* be a difference because our feet are 
nc^t the same size." . . , 

(Sometimes the ;i:easons were more" generalized. ] "We 
just goofed." ' 

Following a discussion of reasons, it is a good idea to 
asic: ."According to our measurements, who sl^ould have the 
biggegt feet?" Children should understand that the person who 
took the fewest steps must have the biggest feet and the per- 
son who took the greatest number of steps must have the small- 
est feet. Some children readily s^e this inverse relationship 
while others dc^yiot. 

, . A group of st!|l%its was asked to measure the widths of 
thei-r desks using their hands as measuring instruments. The 
results of their measurements {^ee Figure" 5) and excerpts from 
the 'ensuing discussion follow: \ 




10 handa wide 

^ hand© wide 

5 hanole> wide 

% hand© wide 

^ ha nd a . w i de- 



Fig. 5-.-A Simple Table to Record the 
Results of a Measurement 




Teaohe^: "Why do you suppose tha't we have many 
different results?" 

Ragant "Todd and me have the same." " * 

Harry V [Who was absenH the day the meaisurements 
were made.] "Some people^ have bigget 
hands and some have smaller hands . " 

Teacher: "Let's look at the results again. Kate , 
seems to have a much smaller number than 
anyone el^. .Why ^o you suppose that is?" 

Becky: "Maybe her hands is bigger." 

Teacher: "Let's find out. Mark/will yoti use your 
hand to find out if your hand is smaller 
than Kate's, larger than Kate's^ or about 
the same?" 

Mark: '^Mine's bigger." 

Teacher: "Kate, -ypur, hands ^are smaller than Mark''s, 
but you reported that your desk was only . 
five hands wide. Mark reported that his 
. desk was eight hands wide. Can we see how 
you measure'^' your desk?" 

Kate went to her desk and used her hands to mecisure 



width — and the problem was solved* Instead of using tne 
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width of her hand / Kate. Had used thfe length from her wrist 
to the tip of her middle finger. 

Markt "If I did it that way, my answ^ would be 

smaller , too . " • , 

Teaoheri "If someone had large hands, would he have 
a larger number than you, Haror/?" 



Harry : 



"No, it would be smaller." 





Measuring the width of a desk 
using hand lengths 

Each child also made a "hand-span tape" by marking off 
on paper tape units equal to the width of his hand with the 
ffngers spread. (The paper tape used was "tele typesetter" 
tap©/ obtained at no cost from a loc^il newspaper office.) A 
wide varij^ty of objects and distancel was then measured and 
recorded. The worksheet entitled "Measuring with the lO-Span 
Tape" (see %pendix B) indicates a few of the things that can 
be measured in this way. , ^ ^ 

31 
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In a later activity the children used cardboard sticks 
of ylifferent colors to measure ^a variety of objects (see 
pag^K^5TT\ Several students decided that*, they could measure 
faster and more easily i:^ they marked off a piece of paper 
tapte-*in "yellow-stick lengths" (i.e. , in 10 -centimetre 
lengths). Some used sticks of other colors. All of the 




Markijig off paper tape in 
"yellow-ts tick lengths" 

children made their tapes longer than the original 10-span 
tape, enabling them to measure longer distances more 

> 

conveniently, 

»■ ■ . ' ' 

Estiniation and Accuracy 

As soon as the children had "gained some experience in 
measuring with non-sta|idard^ units (fingers, feet, hand spans, 
etc.), they were aske^ to begin estimating the various dimen- 
sions before actually measuring them.' A typical activity of 
this type could be initiated by posing the following question: 
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"If I measured the length of the room with my feet, how many 
'steps' would it take' to reach from one end of the room to 
the', other?" The children should f irst^stabllsh that the 

teacher/ because he has larger! feet,/ would take fewer steps' 

' . I, ' * 

than a child. 

This procedure was followed with one group of children 
who had reported measurements for th** length of the room rang- 
ing ..from 42 to 55 ot their own feet. When asked to guess how 
many of the teacher's feet' it would take to span the xJom, 
some children thought that it would take 21 while the rest 
guessed 22. As the teacher stepped off the distance, "the chil- 
dren counted, finding the length of the room to be 27 "steps.". 
These initial estimates were reasonably close. As the children 
gained experiende in estimating distances, their accuracy 
improved markedly — -both in estimation and in measurement. 

There seems- to be merit in having children estimate a 
distance before making a measurement of it. Before long they 
start to use previoi^s measurements as a basis for making suc- 
^^eeding estimates. Pract,^ce in estimating the magnitude of a 
dkmension tends to eliminate the implausible estimates that 
some children make early in their measurement activities. 

, A game of estimation {Eatimo) is described in Appendix C. 
This 9(ame can be introduced when the teacher .feels that the 
childifen have\had sufficient experience measuring with the 



metric system. 



Another technique that seemed to be effective An improv- 

^ 

ing akill and accuracy in me^;=jurement was to have the children 
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cpmpcire independent measurements of the same things . In this 
way, errors in their measurements were aired and> corrected by 
tlie group. Figure 6 presents a table showing measurements 
made by five children of five different objects. The desk, 

, "I 

chair, and table were measured with their hands.- The room 
(length) and hall (width) were measured with their 




"' — ~ — * ■ '• 


Desk 


Chair' 


Table 


Room 


Hal I 


Nipncy 


M 


7 


\30 




,16 


Brendan 






ZZ 


^o 


14 


Michele 


7 

p. V ■! 


5 


20 


35 




Wendy 


11 


1 1 


13 


43 


17 


Todd 




II 


22 - 


' 40 


14 



\ Fig. 6 — Comparative Measurements Made 
with Hands and Feet 



obvious discrepancies in their results c^^n ?)e noted by 

inspecting the table. The following dialogue ensued regard- 

ing these measurements: 

Teaahen "Let's look at your measurements of the desk, 
• Wbgtt is the largest number of hands Vthat any- 
dife found for the width of the desk?\' 

^ ■ ■ . ■ \ . 

Wendy I "Nancy and me got eleven." 



Teacher : 

Mi oh el e : 
Tearohevi 
Miahele: 



"Who found the smallest number of hands for 
the width of the desk?V « 

"I did. 1 got seven." ^ 

"Do you think all of these answers are correct?" 

"Yes." ■ 



Teacher: "Why do you think they are all correct, Michele?" 

■ * * ■ " f 

Miahele: "Because our hands are '^if f erbnt [sizes]." 

[Although this is true, it does not account 
for the nearly 60% difference between the 
largest and smallest measurements.] ^ 



Teacher: 

Mirchele : 
Teacher: 

Michele : 



"could you tell whose hand is biggest and whose 
hand is smallest from these answers?" 

"Wendy's and Nancy's are the biggest." ^ 

"Would you say that the person who had the 
largest answer has the biggest hands?" 

"Yes." [She has not assijtiilated the inverse - 
relation^ip a^ this point, viz.. , the bigger 
the hand/^the smaller the numbfer of hands 
needpd to measui^e a given distance.] 



Teacherr. "What do the rest of you think?" 
[Uncertain response from others. ] 



Xeaoher: 



Miche le : 



"My Ijiand is bigger than any of yours. If 
measured the width of the' desk, would I get 
more hands than any of you?" ^ 

"No I" [She has, of course , contradicted 
herself . ] . 



Teacher: ."If I measured the desk, how many hands do 
you think it would be?" ' 



Vendy : 
Teacher : 



"A smaller number. " [She seems to understand 
the inveVse relationship.] 

"From that answer, whose hand do you think is 
biggest?" 



Miohelet) "Wendy's and Nancy's." ^HShe is still not clear.] 



[At this po>iit^^dd wa^ shaking" his head. ] 



i 
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Tqddi "I think Mighfele*s hand is biggest.'" [The 

table indicates this to be true, even though 
in reality npr hand was not the biggest. ]- 



Wendy.: "Yes, Michele, because it's a le^s [smaller] 
number. " , 

■ [Both Todd and Wendy had made a valid interpretation 
of the information presented in the table. .However, 
the accuriicy of the table information' had. not yet been 
established. ] 

During the discussion — which continued for some, time-r- 
the students compared tJieir hands and found them to be almost 
identical in size. Prom this information they quickly real- 
y ized that there were errors in their measurements. A re- 
measurement confirmed that errors were indeed present. Th€| 
results of tfte measurement of th6 other things were also com- 
pared and evaluated by the students. Several errors virere 
found and corrected. Thus, interpretation of data, validation 
of measurements, and correction of errors were all accomplished 
through this discussion. 
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using Standard Non-Standard 
Measuring Instruments 

Each child was provided with some narrow strips of tri- 

wall that had been cut to standard lengths of^lQjr^ 20 , 40, and 

80 centimetres. The children were not awstre of ho\^ long the 

sticks were. Figure 7 on the following pa^e depicts the rela-^ 

tive lengths of the sticks that each child received. In the 

actual development work, to make identification easier when 

measurements were being discussed, the sticks were painted 

the colors indicated in the parentheses. 

3e 
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Fig, 7 — CardbQaifa Measuring Sticks ' . 

■ ' ■ ' * 

The children were given a variety of opportunities to 
measure many, things with the different measuring sticks. 
They were asked, for example, to estimate the width of their 
classroom and then measure it with one of the cardboard in- 

■ ■ . 

struments to see how .close their estimates were. Their 
results are showfi in Figure 8. 



* 1 


E5•fimQ•^e6 




Todd 




1. '^^ 


Ko+e 




' 24 




no 


204 


/ III . 1 " 
Ragan 




ir ■ 


'Marry 




20 


Becky 




16 


Mark 


- 20 


17 




The room vjas> ocfually I7i blue sficJ<s widft^ 



Fig « 8^~Room Width in Blue- 
Stick Lengths 
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As can be seen, most (but not all) estimates were plau- 
sible, and some measurements were very close to the actual 
width of the room. As the children gained more experience in 
estimating euid in measuring, they became^ increasingly more 
proficient at both. 

A similar activity involved using a variety of measuring 
instruments to determine the width of the hall. The results 
of the children's measurements are presented in Figure 9. 

How Wide Is +he Hq H? 
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Pig. 9— Hall Widths in 

'y Non-StandaJ^d Units 



A. 



There is a great deal" of agreement in the measurements de- 
pieted; howeVer, some discrepancies caused by carelessness 
are also-- ■evident', » For example, in the "Yellow Sticks" col'- 
umn, the measurements ranged frorrj 25 to 34 units. The mag- 
nitude- o?^ tills variation suggests carelessness of some sort 
during the Measuring process . 

Two de€ai4s should be noted with respect to the measure- 
ments in figure .9. First, some of the children began to ^ 
express tneir^j measurements using fractions, for example, 
7 1/2.. They were, not encouraged to do this., but neither were 
they discouraged. Although this use of . fractions wa&- unantic- 
ipated, it was notice^ that the chil^uen seemed to, gain a 
rdther sophisticated understanding' of the meaning of a frac- 
tion as this series of activities progressed. 

Second, the children were aware that all of their meas- 
urements with the yellow sticks shouid be the same, just as 

all of their measurements with the blue sticks or the r^d 

■•' \ ■ > ■ ■ ' ' 

sticks should . b% the same. When asked why their measutementi? 

with a stick of a given color were not the same, they 'replied: 

"Some of us goofed." At the same time, they were aware that 

the measurements with their hands or feet should be different 

sinpe these appendages differed in size from child to^ child: 

Because there were some discrepancies in their measure- 

ments with the yellow, blue, and red sticks , the children were 

asked how they could determi,ne what the width of the hall 

' > ■ ' -k ■ 

actually was. A large number of, the colored sticks were made 

..'»■■■ • 

■ ■ ■ -N-. ■ • , . ' ^' ■■■■ 
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.available. One child suggested taking' enough .o^ the yellow 
sticks to iay them end ,to'^nd across the -hall. Theh yie- 

, • . / A • - > 

. - ■ ' , ' < . • 1 

ntimberi of sticks could be counted to ascertain tbe correct 
width. Ttiis was done 'first with the yellow stibks, then 
with the blue stickjB.,,.and fir^lly with the red sticks. 
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i ..." Measuring the width of a hall - 
' . . ' , using yellow stipks ' °, 

' The length of the hall, -was investigated n^xt. In thifp 
activity, the children 'were asked first to estimate the length 
and then to mea3\Xre it. The sheet on page 30 (Figure 10) was 
-usfed with this activity- and presents the estimates and measure- 
ments m*ade. It Was noted that -some ch;iidr^en 'preferred to 
measure first and then estimatel - This seems to reflect, at 
least in part^ the notion held by many children that it is bad 
td> make a mistake. An attempt should be' made to dispel this 
' fear by encouraging the chilj^ren to use their prior experiences 
with measuring to make reasonable estimates* . - * • 
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Child did not qompl^^e a^ivity, 
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Gueas What I'm Describing 

A simple game was devised to provide further experiences 
in estimating. It is played by having one child look around 
the room and choose an object. He then gives his estimate of 
one or more of its dimensions in terms of any of the non- 
standard units he has used, in a manner similar to the follow- 

» ■ ■ ■ * . 

ing: "I'm thinking of something that is two blue sticks long^" 
or "I am thinking of an object that is one red stick high and 
ten hzmds wide." From the dimensions given, other children 

• * 

m>ist try to determine what is 'being described. Considerable 
Interest and excitement were generated by this game. 
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MEASURING WITH STANDARD UNITS. . 

'■ ■ , f : 

Using Uncallbrated Metre '^S ticks 

The children were asked to irteasure the distance between 
two yellow lines painted on jbhe playground blacktop using 
uncalibrated metre sticks. Although chalk was available to 
them, their initial decision was to use a, pencil to mark the 
position of ('the end of the metre stick. • For most of them, 
this "marking" was carried 
out in a rather crude fashion. 

Scott did not use his pencil ^ 

to make a mark at the end 6f 

the stiok. Instead, he placed ' 

Fig.. 11 — Scott's Method 

the pencil on the ground at • 

the end of /thfe stick as shown in Figure 11*. Next, he picked 
up the metre stick and placed it on the other side of the 
pencil. This process was repeated until tlfe distance was 
. , completely spanned. Scot^t's 

- ' method failed to take intd 

account the width of the pen- 
cil. Furthermore,) the wind 
rolled the pencil forward a 
few centimetres 'each time he 





Fig, 12— Paul's Method 



' moved the stick I Paul attempted to compensate for the width 
of the pencil by placing it as^ shown in Figure 12. Only 



Mary used the point of the pencil to make a mark on the black- 
top*^tQ indicate the end of the metre stick. 

The range of results reported for the first measurement 
was 17 1/2 metres to 25 metres. During the comparison of 
these i^esulta, Jane attempted tpr'^explain the observed discrep- 
ancies by suggesting that the Sjinits used were not of the same 
size. (This explanation was prpbably based on her prior expe- 
rience with non-standard units where the units- — for example, - 
feet — actually were of different sizes.) However, Paul demon- 
strated that' the metre sticks were the same length by placing 
two of them together. 

The children then decided to pair up and remeasure. This 
time they asked for chalk to mark the end of the metre stick. 
Halfway down the blacktop Jane lost count and wanted to go 

> » 

back to the beginning to start again, but her partner Mary 
said,, "It doesn't matter; you can just >2ount the marks when 
you're through." The remeasuring produced a range of 17 1/2 
metres to 18 metres — a result with which the children were 
satisfied. 

Using the Trundle Wheel 

After measuring the disteince between the two yellow lines 
tl:i|e children were asked to use their metre sticks to measure 
the width of the blacktop. They paired themselvies up to per- 
form this task. Paul and Scott reported a measurement of 
18 1/2 metres « Jajie and Mary reported a measurement of* 18, 1/4 
metres* Jane offered the following explanation fbr this 

. *v< 45 * ■• 




4iscrepancy: "It's awful hard to keep straight when you Jiave 
to measure rSOirtAthing long. Mary and me measured right on top 
f~^1i^ yellow line sO\^we could be sure." 

Whjen the childrejaf were asked to measure the sairie-distcince 
JWith; a ^trundle wheel, Jane was not at all coriyinced that they 
would come up with the same measure. Paul picked up the wheel 




Measuring with a trundle wheel 



4^ : 



and pushed it along the .entire length of a metre stick. "Look," 

■ . . ■ J - 

\ 

he said, "one turn is the same as a metre stibk." In spite of 
tliiSr Paul and Scott reported th'^ir first measurement as 19 1/2 
metres. When this jVjreport was chall^enged in view of their prior 
measurement wl^th the metre stick, they remeasured. This time 
they employed the technique of us 3, ng one of the yellow lines 
to be sure that they measured along a straight line. The 



1 • ^ 



result of (this' measurement was reported to be "1-8 full turns 

• • / 
and about/ a half a turn more." 

Using Ce^Mbrated Metre Sticks 

' NeWt, the children were introduced to a calibrated metre 
sticVand given the • task of measuring the objects pictured on 
a worka'heet similar to the one included as Appendix D. They 
were asked to estimate the length of each object and record 
t;hese istimates befqre making their measurements. The esti- 
mates made at first were genere^lly not very close to the actual > 
measur^i; but, as the session proceeded and as the children 
gained;more experience using centimetres , their estimates be- 
Ccune much more reasonable-'-the errors ranging from 0 to 23% of 
the actual lengths. , 

During t^e nQ?ct. session, the children were presented with 
a summary chart of their measures (see Figure 13) , anjj they 
discussed this chart with some insight. They recqgnized the 
discrepancies and offered the following hypotheses in explanation 

"Maybe we didn't all measure ' the sa^ne hammer." [True.] * 

■ ■ ■ ■ / ■ 

» ■ ■ , 

"I measured a longer handsaw than Eric." [True.] 

"I bet she wrote them down backwards [in the wrong place]." 
^ iRef erring to Jane's reported measures for short and long 
'» screwdrivers.] ' \ 

Another explanation for certain discr,epancies was suggested 

when it was brought out that Paul aod Eric had employed slightly 

different methods of rounding off their measurements. While Paul 

had stated tha^t the length of the shortVcrewdriver yas "a little 

more than 8 cer^timetrjes /' Eric insisted that it was "a litt;le Xe^fi 

than '9 centimetres . " ' 
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*Child did not complete activity. 



Pig. 13--Suinmary Chart of Lengths 
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Interestingly, when Paul was questioned about the measure 

\ 

that he reported for tha table (200 centimetres), he replied: 
' ■« 

"I measured it. It took two metre sticks, that's 200, and 
there was just about an inch [III] left over." 

There was much discussion about the range of measures for 
the coping saw. The children decided^ that the spread of 7 
centimetres was just too large to be caused by anything but 
careless error. After insisting on and completing remeasure-^ 
ment, they came tp a consensus that the actual length Vas 




Measuring lengths 

:" ' 

The children were next given a wbrksheet similar to the 
one included* as Appendix E' and were asked to make* estimates of 
height, record them, and then measure the objects pictured. 
In working with height, the children's estimate^ assumed the 



same pattern that had been evident in the piifevious activities 
with length. Their first estimates tended to bear little re- 
lationship to the reported measures, but the, percentage of 
error dropped markedly during the course of their work. 




Measuring heights 



During the second* session 'clevoted to this activity , the 

i^hildren looked at the summary chart of their- measurements 

(see Figure 14 on page 41) and discyssed it at lengtht 

Paul: "Hey, we got better I" [When pressed for an 

explanation, he went on.] "Well, on the table 
\ ■ and on t?l^e wood box we all got the same, and 

we'mostly got the„ same on the trash barrel." 



Mavyi [liter remeasuringf the tr^sh barrel.] J" I got 
89 this time. I ^on't knbw how I got i\l last 
time. Psiul got a different , one on the set of 
tool drawers.^ How come?" 

Evioi "We all got 28 and Paul got 29. That'^ only 
this much." [He indicated a lone-centiilaetre 
' span on the metre stick.] "You could look at 
it wrong and miss tjiat much." . 

. Erioi [Commenting 'on the 16 -tentin^itre range of 
measures fot the shelves.] "You couldn't 
make that much of a mistake by just looking 
at it wrong. Somebody really goofed." 

■Mary I [Defensively.] "It's hard measuring something 
that tall. The metre stick can slip down real ^ 
easy." i 

j'anex "We did better bn the door. There's only this 
t rftuch difference." [Indicating a little less 

than a 4-centimetre span on the metre stick.] 

The activities above proved extremely useful in encour 

aging children ^to look. for discrepant data and in heljping 

them to think seriously about the need for accuracy in meas 

urement. Through these experiences the children came to 



accept a clustering of 



measurement results, although at the 



same time they became increasingly insistent that the range 
of these results b6 a small one. i 

After measuring the height of a door, another . group of 

■ ■ 1 ■ ., 

children reported measiires' ranging from 203 to 205 centi- , 
metpres. The following- discussion then arose: 

TeaoheTi "Is this a reasonable range?" " / 

CUtdren: "Yes.,'' ^ . ....^ 

"Are; the measures ac<Jura^ enough?" . ; 



Teaohert 
Kara*. 



"Do^sn*t it depend on what you want to 
do with them?" 



Our Measuremen+s — Cen+ime+res 
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Fig. 14 — Summary Chart of ^eights 
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Teaoh0X*i "What do you iftean?" ' * 

Kami "Well/ if I just wanted to find out whether 

or not I could get something' tall thrpugh 
the door — like those shelvesT-it might be, 
good enough, but if Mr. Salz was ordering ' 
♦a new "door, he'd have to really ' know how 
. : tall the door is an'd the tange would be 
\ . too big then." ' 



\ 



Measuring -the Body in Centimetres 

The actiV^ties^described below were introduced by ask- 
ing thgN;^ildren\to- find a way to measur^ the distance around 
the teacher\'s head. \^ They began by using a series of metre 
sticks, plaiing one against th,e side of the head and starting 
a second at the^int whe're, because of the curvature, the 
first stick nd long^ ^.touched the head. Continuing in this 
manner, the clkldreh managed to work their way completely 
around the circumference. However, they became si) engrossed 
in the mechanics of theii:^pro^;edure that they ibst track of 
the various small measures^^d were not able to determine the 
total distance sought. In looking fox another way to solve 
this problem,. Eric came iip with the idea of wrapping a strip^ 
of tape. around the head, and Paul suggested that the length 
of the tape could then be found by measuring it with a metre 

stick. . 

Once the above task had been accorriplishe.dv the children 
were given a copy of the worksheet "iVll About Me" (see Appen- 
dix P) . The rest of the session was then spent working on 
this sheet. Although some of the measurements could be made 
'±ndividually^?^^Jnany of 'them necessitated, peer cooperation. 



Two sessions we»e requfired to enable 'the chll^^ to finisl^i ^ 
making their meastNrements. At the end of the secoiK? session, 







Taking measurements of body parts 

the children were asked to perform two additional tasks: 
First, they were ask^df to make a tape just as long as they 
were tall and, second, they weife asked ^© record on a summary 
chart certain selected body mez^s^ements. These tasks, were , 
designe^*^ to prepare materials to be used in subsequent activ- 
ities fsee be^^) * - - , 

' • ■ . • • 

Graphing Measurements - . " ' • 

« - ^ . ■., , . . . 

The chiiLdren teegan this activity by making tfertain that 

their height tapes a(fcurately reflected the actual order of 

thejfe heig^jts. To determine this, th'ey lined up from tallesli' 

to shortest. Two errors were found and corrected before they 

proceeded further, * , 
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w . » I ■ ■• ■ >..»••. 

• . The task" wds th^n posed, t.6 f4nd^ ^ wpy ^tp communiqatd^ their 

; tesuits to their classmates'.,. Someone suggested that the tapes' be :. 

pasted on a large sheet of paper* Mary objected, saying the t^pfes 

sh(^ld be colored, so that they might be seen more easily. Scott. 

suggested using colored trips with gummed b'acks. Mary argued that 

" the 50-centimetre strips available were not long enough, jbut Scott 

proposed that each person use more th^n one and overlap them. 

It wajjfinal-ly decided to record the measu|rements on a large 



J 



'sheet'of centimetre graph paper. Also, each child Was to choose a 



gummed strip of a^different color to represent himself .- Afl^er the 
axef! of the^^rSEph had been drawn ami calibrated, the eniSof each 
height tape was>laid on the base line and its lengjth marked off on 
the vertical axis . Colored strips of appropriate lengths were 
then '^Mst|@ onto the graph. The' childr^eKji^selves suggested that 
the stx;i^^be mo-unted in drder of height. ' . " . 4* ' 

^ TJi> teacher then asjced, "How' tall would you be , if you were* jus t^ 

h^lf as tall as you 'are now?" .Many different ways of finding out ^ 



Were suggested and tried. Eric, after much thought, came up with 
*the idea of folding his height tape in half. The children were un-. 
* sure about who woul<<a*58De tallest if they were all half size, §o. they 

checked by ..Eric 's 'Method. They then asked if they could graph these 
- ^results. iJ^J^in^^ record of quart^ag ^size tapes was also suggested. 
The graph made during these ac1:ivities is shown in Figure 15. The * ' 
(?hildren comwentted on this graph at some length and insisted that 
Scott remeasure and correct his errors in thfe one-half and one-fourth 
y^ize tapes. ' It was Scott,; who suggested the title for the graph. 



Dr the graph. 

• 
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Fig\ 15 — A\praph of Hqights 
(The full-scale graph was originally prepared 
on a large sheet of | centimetre graph paper.) 
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The construction of one-eiahth size graphs of selected 



body measurements wis then initiated. First, each child was 
given a copy of the summary chart appearing in Figure 16. 
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Fig. 16 — Summary of Se;L^d*ted^ 
Body ^easurepvfents . 
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Next, the chiMr^n were asked*if *they would like to make indi> 
.;.yidual ■ graphs ©f their .own body measurements. .They indicated 

• - ■ • ■ 

that tkey Would. 'The teacher then asked how. such graphs C9uld 
be Mt^adfe vi1:hout using large sheets of graphs pkper. Jane sug- 

geste<5 that .they just fold their tipes a^ain and m^ke charts . 

• »> . ■ 

"half • of 'qUarte'r size." The children agjfeed .that one-eighth . 
scale graphs would be a good solutiort*' anc4 ^oceeded to make 

them. During this activity, the children compared graphs and 

/ , ■ . * ' ■ ■ ■ ' ' ■ ■ ■' ' ■ ■ . ■ 

'asked each other many l^uestions, brief excerpt ^ of their 

discussion, follows: • 

• ' ' '. , '• ' ' ■ • 

/ Eria: "Look, my waist is just about half my height. 

Is . that* true for everyone?" ^ '[../■ 

J^ane:. -^"My wrist is half my neck. Does anS^ohe else ; 
' have that?" ■ \ ■ ■ ■ 
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Mary: "I guess height doesn't matter. Paul's tallest, 
' but Jane has the biggest waist. Eric and Scott 

have the biggest heads. Paul's tallest, but 

he's not the biggest all over. I'm shortest, 
but I'm not smallest all over." 

After their discussion was concluded, a check was made 
for "reversibility," that is, the ability of the children'to 
construct a full-si^e tape from a quarter-size tape. The 
children were shown a piece of tape and were told that it rep- 
resented a quarter-size tape of a little girl. They were 
askjsd if they could think o*f a way to find put how tall the 
little girlXreally was. Mary suggested an easy way: |She laid 
the quarter-size tape on a Idng str^lp of blank, tape and marked 
it off four times. Upon completing her work, she proudly h§ld 
up the full-size tape. ' 

The children then took the corrected "Shrinking People" 

graph into the classroom to explain it to their classmates. 

Examples of their explanations follow^ 

/ Paul: "This shows us all full size, and'Wiis is half 
size, and this is how tall we would be if we ^ 
were quarter size. I'm 136 centimetres tall 
' . full size and 68 centimetres half size, and. 
34 centimetres quarter size." 

^ Soott: "That says 'The 'Shrinking People.' We are 

really this Size, but we shrunk to half gize" 
first and then to quarter ^ze. We did wie- 
eighth size too, but that' $ in our desks." 

^- .. ■ 

EHo: "You can tell who is who by using the colors. 

Paul has orange, I have purple, Scott has blue, 
Jane is yellow, and Mary is green." 



Mary: "We^'re different sizes here [indicating full ^ 
size], and we '^re- still different here [half / 
size] and here [quarter size]. Paul's tallest / 
in all of them, and I'm the smallest." 

c .4 
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Wheri the classroom teacher told Mary that she and Jane 
looked thi same in quarter si^e, Mary responded, ".We're 
really n6t,.'^but there wasn't much difference full size, so 
when we shrank you can't see it so good," 

Introducing Perimeter 

^- The following lexperiences were designed ^as an introdi^c- 

tion to the idea of \perimeter . Provision was made on a work- 

sheet (see Appendix G) for recording length, width, and per- 

imeter, but no stress^ was laid on trying to have the children 

% 

discover the relationship bfetween these quantities . 

The children devised a method in which tape was used to 
find the perimeter of an object or a drawing. Sides were 
measured one at a time and laid off on a' strip of tape. | When 
all four sides had been laid off, the' children measured t;he 
length of the tape to arrive at the perimeter. Two of them 
became aware that they could find the answer by adding, but 
were unable (as first graders) to handle the computation 
necessary.. 

In another activity, the children measured the perimeter 
of a room which had an irregular shape. Appendix H contains 
the worksheet used ih implementing this activity. ' 



/ 
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^ CONCLUDING REMARKS 

' • . ■ " ■ . '■ '• 

The authors do not consider this booklet to constitute 
a complete or exhaustive treatment of linear measurement. 
Rather, they view the ideas it contains as a beginning. It 
is hoped th^t the activities (Ascussed will stimulate you 
to create Additional activities of your own.. . 

Above all, it is recoiranended that you do not push your 
Students through a single, narrow sequence of experiences. 
^They should be given time to consider, ideas , go tbff on tan- 
gents,, discuss their results, try their own adapj:atioiis , 
consider alternat^es , ' and . . . think. 

V A brief excursion into mass measurement has also been, 
written: It is entitled "An Introduction to Mass ^leasurement 
with the Metric System", and will iDe available in a "sampler" 

i . ' ' ' * ■ 

to be published by the Projection Elementary School Mathematics 
and Science. The materials it contains ard appropriate for 
the latter part of the first grade and for the second or 
third gjrade* 
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APPENDIX A 

Background Infonnation 
on the Metric System 
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Every major country in the world is either required by 
T Law '^or permitted for convenience to use the metric system of 
weightjs and measures. Although the United States ordinarily 
does not use the. metric system, except for scientific purposes, 
the metre and the. kilogram are employed as important standards 
even in this ^oun try* The metre is the standard unit for 
length; and, from an exact comparison with this standard, the 
United States derives, its standard yard, which is defined as 

0.9144 metres, . , 

The metric system was introduced by the French in 17^, 
during the French Revolution. It was part of the plan to si 
afresh the whole social and economic life of the French' with- 

« 

out any ties to the past. The metre, the ftindamental unit of 
length/ was originally intended to be one . ten-millionth of the, 
.distance between the North Pole "and the equator as measured, 
along the meridian .which passes through Paris. But, in. the 
eighteenth century, instruments were not as accurate as they , 
are today, and somewhere an error was made in measurement. By 
the time scientists discovered this loistaMe, the length of the 
metre was so well established that it was decided to keep it 
as originally determined. 

/ Because of the more precise measurements that are possible 

set in 1960. This a^^andard, whibh is used primarily by ^3cien- 
tisis defines the metre as 'l.,650,763. 73 wavelengths of the 



or2Uige-red light given off by Krypton 1^6 — a rare gas found 
in the atmosphere. But people other th,^ scientists still 
continue to think of the metre as being equivalent .to 39.37 
inches. 

The metric system devised by the French spread rapidly 
throughout Europe and to the colonies of most European na- 
tions , valthough France itself did not adopt the System offi- 



cially until 1830. At that time, however, Br^i tain and- the 
United States were satisfied with the system of imperial 



units (inches, feet^ pounds, quarts, etc.) which they were 
already using and felt no need to change.. In 1866 the United 
States Congress made, the use of the metric system legal in 
situations where it was more convenient, but the system has , 
never come intp general use in this country. Britain, how- 
ever, has begun the process of converting to the metric system 
and will be totally metric by 1975. Pressure is currently 
being brought to bear on our government to maHe a similar con- 
version, and it appears that such a conversion will be made 
in the near future. > 

I 

One thing that makes the metric system simpler to i^e ^than 
the imperial system is that" it is a decimal system — a system 
based on multiples of ten. Unlike the imperial system, in 
which, every unit of length has a separate name that gives no 
clue to its value, the name of each unit in the metric system 
indicates its magnitude. There are six major prefixes that can 
be attached to any of the units, and each of these prefixes 



denotes a number (see Figure 17 below) . ^he prefixes for the 
fractional parts of the units come from Latin, while the pre- 
fixes for' the multiples of the units come from Greek. Any of 
these prefixes attached to "-metre" tells you etactly what ♦ 
the value is; for example,^ a oenttmetre is one hundredth of a 
metre. For the purposes of this booklet, only the oenti^ pre 
fix has been stressed. 
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Fig. 17--Some Prefixes Used in 
^ the Metric System 

Another advantage of the metric system is that simple 
relationships exist between the various types of measurement, 
i.e. ,' length, capacity, and mass. Specifically, a cube with 
a side 10 centimetres in length has a„capacity of 1 litre ; 
and the mass of 1 litre of water at a barometer reading of 
760 - of ^mercury and a temperature of 4- centigrade Ib ^ 

1 kilogram . ^ 

In countr^ies where the metric system has been adopted, 
the metre is pmployed for measuring all kir\ds of dry goods 
and material J, for btjilding and engineering, and for any 
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purpoi^ie wher? the yardlor ^<5t migiit be Msed in the United 
. /Statesi. In. measuring longer distances than can be conven- 
. iently measured with- metres, the kilometre is utilized 
instead of the mile. Centimetres and -millimetres are used 
instead of inches in constructing machinery, in making fur- 
nity^re, and in measuring book, paper, and film sizes. 
Area. is calculated by "Thultip lying length by 'width, 
ereas the imperial system would use square yards and 
quare inches, the metric system employs square metres and 
' square centimetres. 

In meastiring volume, or what a space will hold, the 
appropriate metric unit is the cubic metre*. This unit is 
used for reckoning the tonnage of ships and the contents of 
tanks or reservoirs, for measuring timber, and for calcu- 
lating fill for land. The cubic centimetre (cc) is a unit 

A 

of volume utilized by doctors and pharmacists. ^ 

The conversion table below (see Figure 18). is included 
\ for the information of the teacher only. The activities in 
\ t^is Ijooklet make' exclusive use of the metric system with no 



V 





H ^ • — 1 

; , Ojnits of Length 


-t— ■ — ■ — 

Imperial to Metric 


Metric to Imperial 


H ■ 

1 inch » 25-. 4 millimetrea (mm) 

l\ inch « 2,54 centimetres (cm) 

llftoot ■ 0.3048 metres (m) 

iWard a 0.9144 metres 

1 mile -^1,609.347 metjres 

1 milB "1.6093 kilometres (km) 


1 millimetre =, 0.03937 inche's 
1 centimetre » 0.3937 inches 
1 metre « 39.37 inches ' j 
1 kilometre = »0. 62137 jfliljls , 
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Pig. 18 — ^^Co^iversipn Table 
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mention of conversion to the imperially is tern of measures. 
This is by #Bliberate design, not because of oversight. The. 
authors ffeel that many of the problems connected with the 
teaching of the metric, system in the past have arisen be- 

cause of the attempt to combine an introduction the system 

' ' ■ A. ' ■ ♦ ' ■ 

with the use of conversion tables. With young children, this 

can be disastrous . T^ie systems are different^ and it is^ f elt 

that they should be introduced separately. 
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, APPENDIX B 

Measuring with 
the 10 -Span Tape 
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ABsemblin^ the Garoe 

A <56lored playing board has been Included with this 
booklet. Before play Is Initiated, the board should be 
mounted on a rlgl^ pAece of material (e.g., cardboard or 
plywood) . . 

The game also requires five, markers . Buttons , small 

# 

toy animals, geometric shapes, or any other small objects 
may be used. 
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Estimo'. Game parts 



"Line cards" and "question card^^<4escrlbed below) 
will €\.BQ need to be prepared. Vn 
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Object of the Gam^ ^ 

Bach player selects a marker. Markers are advanced on 
the board by correctly identifying lines of specified 
lengths on the line, cards. The first player to reach the 
"End" space is declared the winner. , 

The Playing Board ■> . 

The playing board contains 48 numbered spaces between 
"Start" and'"End." This includes 10 numbered ' spaces that 
are colored red: 5 and 6, 13 and 14., 25 and 26, .33 and 34, 
and 40 and 41. The procedure to be followed when, a'- player 
lands, on one of these red spaces will be described below in 
the section entitled "Playing the Gaine." 



Line Cards 



There are four different kinds of line cards. They 

should be placed in four ^separate piles. Eitljer 2, 3, 4,/or 

5 lines arje drawn on . each carc^. The ^^eater the numj>^ of 

lines on a\card> the more difficult it is to answeJr. But, 

by correctly answering a more difficult card, X P^^^V®^ 

entitled advance more spaces . The 'cards and their ^ 

"values" are as f (Allows : 

Card with 2 lines — answer correctly and advance 
^ '2 spaces. 

' , Card with 3 lines — ^^answer correctly and advance 

3 spaces. 

>^ . ■> . 

,'^^Card with 4 lines-^answer correct;Ly and advance . 

4 spaces. •■• 

1 Card with 5 lines — an^swer correctly and advance 
^ 5 spaces. , ' * 
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If a given line card is not answered correctly, the 
player must^ove backy^ard the number of spaces indicated 
above. (However, regardless of the number of spaces a 
marker is to be moved. ^backward, it may be moved no further 
backward than the "Start" space.) ' , 

The authors^made sets, of "line cards at three different 
•levels of difficulty. The diffiolXty was determined by the 
relative lengths' of the lines /n each card.. Examples are 
illustrated in Figure 19. It is suggested that the teacher 
first make up a set of cards that is relatively easy for the 
children to ariswer. As the skill of the class develops,, 
more difficult cards can be devised to replace the easier 
• ones . 



A 



A, 



Easiest 



Most Difficult 



Fig. 19 — LineCards of Varying 
Difficulty 



Question Cards , r 

^ The questions~on these cards are intended to apply to 
any of' the line cards. At tlW bottom of each card is a line 
Which is equal in length to the length of the l*irfe. specified. 
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Using this line^ the players can check their estimates. An 
example of a typical question card follows: 



Which 



ine IS cios.e 



+o % cen+ime+res ? 



2 



cm 



r .1 I. 



Fig. 20 — Sample Question Card 

Experience has demonstrated tha,t tlie game proceeds fast- 
er if one person takes the job of reading all the question 

. ; 

cards . ( 



Playing the Game > i 

The game i^ recommended for two to five players. Each 
player selects a maijker. Play can proceed in any previously 
agreed upon order,, 
'^ice, guessing numbe|rs, or any other convenient method.) 

To begin, a player\ decides how difficult a line cai^d he 



(The order might be determined by rolling 



^ants to Xry. He then t^es a card from the top of the 



\ 
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appropriate pile. The questioner takes a card from the top 
of the question card -pile and reads it/ to the player. . (Both 
line cards and question cards are placed-: face down' in their 
respective piles.) * ^'^^ 

Let us assume r for e;x:ample ^ ' that the^ player chooses a f 

line card with four lines. This card might look like the one 

~ # ' . 

shown in Figure 21. The question card selected might -ask 




Fig. 21--6ample Line Card 



hdm to ea^timate ''Which line is closest to 8 centimetres?" 
'^f ithe^^player j^s successful in setLecting the line closest to 
8 centimetres, he must move forward four spaces, since he 
attempted a ^our-line card. It is ^rigjcprnmended that trte 
[uestioner serve as the f,j^nal,rajithol:it:y in determining 
WMther or not an answer is correcl^. i 
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It is possible that none of the four lines is exactly 

8 centimetres long. Suppose, for example, that line B is 

9 centimetres long and Line D is 7 centimetreiS long. In 
this case, choosing either one of the lines would consti- 
tute a correct answer since both are one centimetre from* 

# ■ . V ■ 

the Xisngth specified (viz., 8 centimetres).' 

If a player lands on any of the red spaces, he must 
move his marker into the round space of the area called 
the "Rabbit Cage" and wait until his next turn to try to 
get out. To get out, the player must correctly answer his 
next question. This question must | be oh a line card with 
a valile of 4 or 5 so that he can ofcunt his way out as shown 
in Figure 22. ♦ ' 

The game continues with each playerlj^roceedlng in turn 
until the first person reaches the "End" space. It is alsp 
possible to continue play until additional players' have 
reached the "End" space,..^ 
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It 
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H ; 3 u ? 
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All About Me 
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APPENDIX G 



Exploring Perimeter 



It- 
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Name 



Ex plo ring Peri m e+e r 



i * 


Leng+h 


4 


Perime+er 


^> 




• 

ft 






J 


t 

Book 




\ 

\ 
1 

i 
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4 


F^per 




1 

1 

-f— 




! ' 
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Top 
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V 
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Figure A 

* 
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Checking Up on Measur^ment^i^ 



'A 



1 



er|c 



8.9 
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At the conclusion of the activities described in this 
it- 
booklet, the authors administered the three \^orksheets in 

this appendix t^ assess what the children had learned. The 

summary below illustrates some of the mfomation thi^t might 

• * ■ ' ■ ■ / . ■ 

be gained frpm such an evaluation. 

The first. two worksheets deal with estimation. The 

twelve children working on these sheets were given no measur- 

ing instruments. 

Item i: ' Only one child had an accurate mental 

jSicture of the length of"^ 10-centimetre 
. 0 v; . . : ^ ^hree of tlie ehildjren t^ 

^ ' ' r- that the 13 -centimetre segiti^ 

Ip^centrmetres long. ^ 

Item 2: The tape? made by the children tanged 
• \' from 90' centimetres to 152 qentimetres. 
/ One child's tape was within 4 centi- 
metres of a metre, but most of , the chil- 
dren overestimated by a large amount. 



Item 3: There were very mixed results, for this 
^ it^^. One child seemed to ^ave the 

^ ability to estimate quite closely the 
length of segments less than 10 centi- 
metres/ usually on the side of under- 
estimation. (It appears that not enough 
^ra.e was spent in having the chilciren 
^ Bstimate lengths from 1 t0 20 centi- 

, V metres\J However, with one exqeption, 
. ^ ;j most or Jjhe errors in estimation ^appeared 
^ v_to fall w the range expected for ^ 

children of this age. (It should be 
'noted that, to aid in estimation, the 
, ' length of line C was given as 10 centi^ 
' ' metres. The children wer^ asked to* 

^ guess the lengths of only lines A, B, ; ^^ 

- D, and E . ) 

The last worksheet c^eals witl;^ both estimation and 



L 



measurement i« 



Item 4 



Item- 5 



Item 6 



While the estimates of the width of the 
"Lab" ranged from 5 metres to 20 metres, , 
the reported measures were accurate, for 
the most part, within a 5% measurement 
error (which may have been caused by the 
rounding off of a fractional metre) . 

The estimates of perimeter ranged from 5 
to 30 centimetres; but, with the exception 
of one child (who added a centimetre to 
each side of the figure) , all the children 
were quite accurate in their reported 
measures . 

Given a quarter-size tape, the children' 
were asked first to make a full-size tape 
and then to measure it. With one exception, 
the children <were accurate within one centi- 
metre. The exception came about because 
one of the chil'dren thought that there were 
eight quarters in a whole., 
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Name 



(I) Which line is I 0 cm I ong? . C i ncl e 
the I etter . • 



A 



B 



C 



D 



'^.('2) Cut a piece 'of tape that you think 
Is I metre long. 

SYop(e the tape to this paper. 



•i 



Name 



I 



(3) ' Guess how long each I ine is. 



Vvrite your guess in front of ^the 
I etter . ^ * . 



3- 



IOc:.m C 



D 



V. 
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Name 



(V) Width 'pf the Lab in rrvetres. 



Est i mate 



Measure' 



(5) D i stance' around thi-s figure. 




'Est i mate 



Measure 



(6) Look at the l/V-size tape.below*\ 

Moke a f u I I - s i ze tape and measure it. 



Write your measure here; 



cm 



• 






A 


•• • 




• 






•• • 




• • 
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m. 
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